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(54) Analog-to digital converter test system and nnethod 



(57) An analog-to<ligital converter test system and 
method (10) is provided that comprises a digital-to-ana- 
log converter system (26). An analog-to-digital con- 
verter system (32) Is tested using an internal analog 
input signal (30) generated by the digital-to-analog con- 
verter system (26). The digital-to-analog converter sys- 
tem (26) generates the internal analog input signal (30) 
from an internal digital input signal (24) generated by a 



programmable data ramp controller (14). The program- 
mable data ramp controller (14) produces a high preci- 
sion internal digital input signal (24) with predetermined 
start and stop voltage values (16) repeated over a fixed 
frequency determined by a programmable divide circuit 
(18). 
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Description 

TECHNICAL FIELD OF THE INVENTION 

[0001] This invention relates in general to the field of 
electronic systems and nrtore particularly, but not exclu- 
sively, to an improved analog-to-digital converter test 
system and method. 

BACKGROUND OF THE INVENTION 

[0002] Analog-to-digital converter systems receive 
analog signals and convert them to a digital representa- 
tion of the signal so that the signals can be processed in 
the digital domain. Analog-to-digital converter systems 
are very popular and may be used to convert voice, 
music, or any other signal consisting of a constantly var- 
ying character into digital representations so that the 
digital signals can be analyzed, processed, transferred 
or manipulated in the digital domain. Converted analog 
signals can then be digitally stored in computer sys- 
tems, transferred via modems, or manipulated with var- 
ious software systems. The digital signals can later be 
converted bacl< to an analog signal for various uses. 
[0003] Analog-to-digital converter systems are difficult 
to design and, thus, testing the analog-to-digital con- 
verter systems during design is important. Imprecision 
in the analog-to-digital conversion will ultimately result 
in poor digital representation of the analog signal and 
subsequent poor analog representation of the digital 
signal when the digital signal is converted back to an 
analog signal. 

[0004] Testing analog-to-digital converter systems is 
also expensive, time consuming, and requires complex 
testing techniques using extensive support hardware. 
Also, existing analog-to-digital converter test systems 
are very inflexible regarding parameters such as signal 
sources, signal frequency, and signal precision. 
[0005] Analog-to-digital converter test systems need 
constant signal testing and testing using more complex 
signals. Input signals must be precise in order to be 
used as references. Also, output analyzers of the con- 
verted analog signal vary widely in capability and 
capacity. 

SUMMARY OF THE INVENTION 

[0006] Accordingly, a need has arisen for an analog- 
to-digital converter test system and method that pro- 
vides both linearity and dynamic testing of an analog-to- 
digital converter system with little external support hard- 
ware. 

[0007] In accordance with the teachings herein, an 
analog-to-digital converter test system and method are 
provided that substantially eliminate and/or disadvan- 
tages and problems associated with prior art systems 
and methods. According to one embodiment of the 
present invention, a testing system is provided that 



comprises an address range control circuit to input start 
and stop voltage values of a digital ramp signal to a pro- 
grammable data ramp controller. A programmable 
divide circuit controls the frequency of a digital voltage 

5 ramp created by the programmable data ramp control- 
ler. The programmable data ramp controller then trans- 
mits a digital voltage ramp signal to a digital-to-analog 
converter system to create a precise analog signal. 
Using this signal, an analog-to<ligitat converter system 

10 can be tested and analyzed for high resolution conver- 
sions. 

BRIEF DESCRIPTION OF THE DRAWINGS 
15 [0008] 

FIGURE 1 is a schematic block diagram of a testing 
system constructed according to the teachings dis- 
closed herein. 

2D 

[0009] Preferred embodiments in accordance with the 
present invention will now be described, by way of 
example only, and with reference to the acconnpanying 
drawing wherein: 

25 

DETAILED DESCRIPTION OF EMBODIMENTS OF 
THE INVENTION 

[0010] FIGURE 1 illustrates an analog-to-digital con- 
so verter testing system, indicated generally at 10, which 
comprises an address range conti'ol circuit 12 con- 
nected to a programmable data ramp controller 14. The 
address range control circuit 12 assigns the binary val- 
ues of a starting voltage and a stopping voltage of a dig- 
35 ital voltage ramp. The address range control circuit 12 
then transmits these start and stop values 1 6 to the pro- 
grammable data ramp controller 1 4. A suitable program- 
mable data ramp controller is manufactured by Texas 
Instruments under part number 74F163. 
40 [0011] Also connected to the programmable data 
ramp controller 14 is a programmable divide circuit 18. 
The programmable divide circuit 18 controls the fre- 
quency at which the voltage ramp increments by send- 
ing a divided clock signal 20 to the programmable data 
45 ramp controller 14. The programmable divide circuit 18 
obtains the desired divided dock signal 20 by dividing 
the frequency of an on-board clock 22 by a desired 
value. A suitabia programmable divide circuit is manu- 
factured by Texas Instruments under part number 
50 74HC4040. Thus, the level and speed of the digital voK- 
age ramp created by the programmable data ramp con- 
troller 14 is a function of the start and stop values 16 
received from the address range control circuit 12 and 
the divided clock signal 20 received from the program- 
55 mable divide circuit 1 8. 

[0012] The programmable data ramp controller 14 
then transmits the digital voltage ramp In the form of an 
internal digital input signal 24 to a digital-to-analog con- 
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verier system 26. The digital-to-analog converter sys- 
tem 26 converts the internal digital input signal 24 to an 
analog output voltage having a magnitude that is a func- 
tion of the digital input. A suitable digital-to-analog con- 
verter system is manufactured by Analog Devices under 5 
part number AB1 1 39. A calibration system 28 may also 
be connected to the digital-to-analog converter system 
26 to calibrate the digital-to-analog converter system 
26. The digital-to-analog converter system 26 is able to 
provide a precise internal analog Input signal 30 created w 
from a high resolution and linear digital voltage ramp. 
[001 3] The internal analog input signal 30 is transmit- 
ted from the digital-to-analog converter system 26 to an 
analog-to-digital converter system 32 to be tested. The 
analog -to-digital converter system 32 can be set to con- is 
vert the internal analog input signal 30 at each transition 
of either an external or internal clock 34. The analog-to- 
digital converter system 32 converts the Internal analog 
input signal 30 to digital format arxJ transmits a digital 
output word 36 to a first-in-first-out buffer circuit 38. The 20 
digital output word 36 is a number of parallel data bits 
depending on the resolution of the analog-to-digital con- 
verter system 32 being tested. The first-in-first-out 
buffer circuit 38 captures and stores the digital output 
word 36. The first-in-first-out buffer circuit 38 is also 25 
operable to transmit a digital output word 40 to an anal- 
ysis system 42. At the input port of the first-in-first-out 
buffer circuit 38, digital output words 36 are received 
and stored in response to each clock 22 input. Each 
received and stored digital output word 36 is shifted in 30 
parallel to an adjacent memory location within the first- 
in-first-out buffer circuit 38 in response to each clock 22 
input until the digital output words 36 are sequentially 
output from the output port of the first-in-first-out buffer 
circuit 38. Thus, the first digital output word 36 received 35 
by the first-in-first-out buffer circuit 38 will be the first 
digital output word 40 to be received by the analysis 
system 42 once all the parallel menrory locations within 
the first-in-first-out buffer circuit 38 are full and the anal- 
ysis system 42 is able to receive and analyze the digital 40 
output word 40. 

[0014] Also connected to the analog-to<ligital con- 
verter system 32 is an anatog-to-digital conversion 
architecture select circuit 44. The architecture select cir- 
cuit 44 may receive an end of convert signal 46 from the 45 
analog-to-digital converter system 32 signaling that the 
analog-to-digital converter system 32 has completed an 
analog-to-digital conversion. If an end of convert signal 
46 is received, the architecture select circuit 44 will 
transmit a load enable signal 48 to the first-in-first-out so 
buffer circuit 38 instructing the first-in-first-out buffer cir- 
cuit 38 to capture and store the digital output word 36. 
Alternatively, if an end of convert signal 46 is not sup- 
plied, the architecture select circuit 44 can be set to 
transmit a load enable signal 48 to the first-in-first-out ss 
buffer circuit 38 at each transition of an external clock 
50. 

[0015) Ck)nnected to the first-in-first-out buffer circuit 



38 is a sample ratio select circuit 52. The sanple ratio 
select circuit 52 defines the rate that a digital output 
word 36 is captured and stored by the tirst-in-first-out 
buffer circuit 38 by transmitting a sanple ratio control 
signal 54 to the first-in-first-out buffer circuit 38. The 
sample ratio select circuit 52 allows a user to set the 
capture rate of the first-in-first-out buffer circuit 38 to 
accommodate the rate that the analysis system 42 can 
receive and analyze digital output words 40. Thus, for 
an analysis system 42 operating at 25 MIHz, and a dig- 
ital output word 36 being generated at 50 MHz, the sam- 
ple ratio select circuit 52 can be set at a 2:1 value to 
capture every other digital output word 36 from the ana- 
log-to-digital converter system 32. 
[001 6] Connected to both the sample ratio select cir- 
cuit 52 and the first-in-first-out buffer circuit 38 is the 
programmable divide circuit 18. When the first-in-first- 
out buffer circuit 38 is full and cannot receive and store 
additional digital output words 36, an overflow inhibit 
signal 56 is transmitted from the first-in-first-out buffer 
circuit 38 to the programmable divide circuit 18. Addi- 
tionally, if the analysis system 42 cannot receive and 
process additional digital output words 40, the first-in- 
first-out buffer circuit 38 will transmit an overflow inhibit 
signal 56 to the programmable divide circuit 18 in 
response to receiving an analysis system inhibit signal 
58 from the analysis system 42. The programmable 
divide circuit 18 responds by transmitting an inhibit sig- 
nal 60 to the sample ratio select circuit 52 and an inhibit 
signal 62 to the programmable data ramp controller 14. 
The inhibit signals function to place the first-in-first-out 
buffer circuit 38 and the internal digital input signal 24 
created by the programmable data ramp controller 1 4 in 
a holding pattern until the analysis system 42 is able to 
receive and analyze another digital output word 40. 
Thus, the analog-to-digital converter test system 1 0 can 
be synchronously controlled in response to a slow or 
inconsistent analysis system 42. 
[001 7J Accordingly, when the f irst-in-f irsl-out buffer cir- 
cuit 38 transmits an overflow inhibit signal 56 in 
response to an analysis system inhibit signal 58, the 
programmable data ramp controller 14 does not incre- 
ment the digital voltage value needed to generate the 
digital voltage ramp. Thus, the internal digital input sig- 
nal 24 created by the programmable data ramp control- 
ler 14 remains at a constant value. While the internal 
digital input signal 24 remains at this constant value, the 
first-in-first-out buffer circuit 38 ignores all digital output 
words 36 generated by the analog-to-digital converter 
system 32. Therefore, ^e analysis system 42 receives 
digital output words 40 corresponding to a perceived 
continuously incrementing and uninterrupted digital 
voltage ramp generated by the programmable data 
ramp controller 14. Thus, there is no loss of analysis 
data corresponding to an incrementing internal digital 
input signal 24 since Vhe analysis system 42 does not 
receive digital output words 40 that conespond to a 
period when the internal digital input signal 24 was held 
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at a constant value. 

[0018] An alternative embodiment of the present 
invention provides for an external analog input system 
64 for dynamic testing of the analog-to-digital converter 
system 32. The external analog input system 64 trans- s 
mils an external analog input signal 66 to the analog-to- 
digital converter system 32. The analog-to-digital con- 
verter system 32 converts the external analog Input sig- 
nal 66 to digital format and transmits a digital output 
word 36 to the first-in-first-out buffer circuit 38. The first- io 
in-first-out buffer circuit 38 then transmits a digital output 
word 40 to an analysis system 42. 
[001 9] Thus, according to the embodiment described 
above, the analog -to-digital test system 10 provides the 
flexibility of using an alternate external analog input sig- 15 
nal 66 to test an analog-to-digital converter system 32. 
[0020] In another embodiment of the invention, an 
external digital input system 68 is provided. The exter- 
nal digital input system 68 comprises a digital data word 
generator 70 and is driven by a dock 72. External digital 20 
input system 68 transmits an external digital input signal 
74 to the digital-to-analog converter system 26. The dig- 
ital-to-analog converter system 26 converts the external 
digital input signal 74 to an analog output voltage having 
a magnitude that is a function of the digital input and 2S 
transmits an internal analog input signal 30 to the ana- 
log-to-digital converter system 32. The analog-to-digital 
converter system 32 converts the internal analog input 
signal 30 to digital format and transmits a digital output 
word 36 to the first-in-first-out buffer circuit 38. The first- 30 
in-first-out buffer circuit 38 then transmits a digital output 
word 40 to an analysis system 42. 
[0021 ] Also connected to the data word generator 70 
is the programmable divide circuit 18. As discussed 
above, in response to an overflow inhibit signal 56 from ss 
the first-in-first-out buffer circuit 38, the programmable 
divide circuit 1 8 transmits an inhibit signal 76 to the data 
word generator 70 and an inhibit signal 60 to the sanple 
ratio select circuit 52. The inhibit signals function to 
place the first-in-first-out buffer circuit 38 and the exter- 40 
nal digital input signal 74 created by the external digital 
input system 68 in a holding pattern until the analysis 
system 42 is aisle to receive and analyze another digital 
output word 40. Thus, the analog-to-digital converter 
test system 10 can use an external digital input system 45 
68 synchronously controlled in response to a slow or 
inconsistent analysis system 42. 
[0022] Accordingly, the system and method disclosed 
herein provide for a combination of flexible analog-to- 
digital testing methods with little external support hard- so 
ware. Emtxxiiments of the present invention provide for 
flexibility in testing an analog-to-digital converter system 
32 by providing three optional testing input sources: (1) 
an external analog input signal 66 created by a external 
analog input system 64; (2) an external digital input sig- ss 
nal 72 created by a external digital input system 68; or 
(3) an internal digital input signal 24. 
[0023] Additionally, the system and method disclosed 



herein provide for using a high resolution internal digital 
input signal 24 to test the analog-to-digital converter 
system 32. Precise digital voltage ramps can be created 
by using an address range control circuit 12 to control 
the start and stop voltage values of a digital voltage 
ramp. A programmable divide circuit 18 Is used to con- 
trol the frequency at which the digital voltage ramp 
increments from the start voltage to the stop voltage. 
Thus, the programmable data ramp controller 14 gener- 
ates a high resolution internal digital input signal 24 
from a voltage- and frequency -controlled digital voltage 
ramp. Also, the system and method disclosed herein 
provide for responding to a slow or inconsistent analysis 
system 42 by controlling the digital input signal received 
by a digital-to-analog converter system 26 and the first- 
in-first-out buffer circuit 38. The digital input signals 
received by the digital-to-analog converter system 26 
can be controlled to remain at a constant digital voltage 
value, and the first-in-first-out buffer circuit 38 can be 
controlled to ignore all digital output words 36 created 
by the analog-to-digital converter system 32 while the 
digital input signals are at this constant digital voltage 
value, until the analysis system 42 is able to receive and 
analyze additional data. Thus, there is no loss of analy- 
sis data corresponding to an incrementing digital input 
signal since the analysis system 42 does not receive 
digital output words 40 that correspond to a period when 
the digital input signal is held at a constant digital volt- 
age value. 

[0024] Although the present invention has been 
described in detail, it should be understood that various 
modifications, changes and alterations and substitu- 
tions may be made to the teachings disclosed herein 
without departing from the spirit and scope of the 
present invention which is solely defined by the 
appended claims. 

[0025] The so^e of the present disclosure includes 
any novel feature or combination of features disclosed 
therein either explicitly or implicitly or any generalisation 
thereof irrespective of whether or not it relates to the 
claimed invention or mitigates any or all of the problems 
addressed by the present invention. The applicant 
hereby gives notice that new claims may be formulated 
to such features during the prosecution of this applica- 
tion or of any such further application derived therefrom. 
In particular, with reference to the appended claims, 
features from dependent claims may be combined with 
those of the independent claims and features from 
respective independent claims may be combined in any 
appropriate manner and not merely in the specific com- 
binations enumerated in the claims. 
[0026] Further and particular embodiments of the 
invention will now be enumerated with reference to the 
following numbered clauses. 

1. An analog-to-digital test system comprising: 

inputs operable to receive an analog -to-digital 
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converter to be tested; 

an internal analog signal generator operable to 
generate an internal analog signal that may be 
used to test an analog-toKJIgital converter, the 
internal analog signal generator comprising: s 

a digital-to-analog converter operable to 
generate the internal analog signal; and 
an internal digital signal generator coupled 
to the digital-to-analog converter ; i o 

a buffer to receive and store digital words from 
an analog -to-digital converter being tested; 
a sample ratio controller coupled to the buffer 
operable to define the rate the buffer receives is 
and stores digital words from an analog-to-dig- 
ital converter being tested; 
a divide controller coupled to the buffer, the 
sample ratio controller, and the internal digital 
signal generator, the divide controller operable so 
to hold an internal digital signal generated by 
the internal digital signal generator at a con- 
stant value, the divide controller further opera- 
ble to inhibit the buffer from receiving and 
storing digital words from an analog-to-digital 25 
converter being tested while the internal digital 
signal is held at ^e constant value; and 
an output for transmitting digital words from the 
buffer to an analysis system. 

30 

2. The system of clause 1 , , further comprising an 
input operable to receive an external analog signal 
that may be used directly to test an analog -to-digital 
converter. 

3. An analog-to-digital test system comprising: 35 

inputs operable to receive an analog-to-dlgital 
converter to be tested; 

an internal analog signal generator operable to 
generate an internal analog signal that may be 40 
used to test an analog-to-digital converter, the 
internal analog signal generator comprising: 

a digital-to-analog converter operable to 
generate the internal analog signal ; 45 
a data ramp controller coupled to the dig- 
ital-to-analog converter operable to gener- 
ate an internal digital signal; 
an address controller coupled to the data 
ramp controller operable to designate so 
upper and lower digital voltage values of 
the internal digital signal; and 
a divide controller coupled to the data 
ramp controller operat)le to designate the 
frequency of the internal digital signal; 55 

a buffer to receive and store digital words from 
an analog-to-digital converter being tested; and 



an output tor transmitting digital words from the 
buffer to an analysis system. 

4. The system of clause 3, , further comprising an 
input operable to receive an external analog signal 
that may be used directly to test an analog-to-digital 
converter. 

5. The system of Clause 3 or 4, further comprising 
an input operable to receive an external analog sig- 
nal that may be used directly to test an analog-to- 
digital converter. 

6. The system of any of Clauses 3 to 5, wherein the 
internal analog signal generator further comprises 
an input operable to receive an external digital sig- 
nal for conversion by the digital-to-analog con- 
verter. 

Claims 

1 . An analog-to-digital test system comprising : 

inputs operable to receive an analog-to-digital 
converter to be tested; 

an internal analog signal generator operable to 
generate an internal analog signal that may be 
used to test an analog-to-digital converter, the 
internal analog signal generator comprising: 

a digital-to-analog converter operable to 
generate the internal analog signal; 
an internal digital signal generator coupled 
to the digital-to-analog converter; and 
an input operable to receive an external 
digital signal for conversion by the digital- 
to-analog converter; 

an input operable to receive an external analog 
signal that may be used directly to test an ana- 
log-to-digital converter; 

a buffer to receive and store digital words from 
an analog-to-digital converter being tested; and 
an output for transmitting digital words from the 
buffer to an analysis system. 

2. The system of Claim 1 further comprising: 

a sanple ratio controller coupled to the buffer 
operable to define the rate the buffer receives 
and stores digital words from an analog-to-dig- 
ital converter being tested; and 
a divide controller coupled to the buffer, the 
sample ratio controller, and the internal digital 
signal generator, the divide controller operable 
to hold an internal digital signal generated by 
the internal digital signal generator at a con- 
stant digital voltage value, the divide controller 
further operable to inhibit the buffer from 
receiving and storing digital words from an ana- 
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log-to-digital converter being tested while the 
internal digital signal is held at the constant dig- 
ital voltage value. 

3. TTie system of Claim 2, wherein the divide controller s 
Is further coupled to an external digital signal gen- 
erator operable to generate the external digital sig- 
nal, the divide controller operable to hold the 
external digital signal at a constant digital voltage 
value, the divide controller further operable to io 
Inhibit the buffer from receiving and storing digital 
words from an analog-to-digital converter being 
tested while the external digital signal is held at the 
constant digital voltage value. 

15 

4. The system of any preceding Claim, wherein the 
internal digital signal generator comprises: 

a data ramp controller operable to generate an 
internal digital signal; 20 
an address controller coupled to the data ramp 
controller operable to designate upper and 
lower digital voltage values of the internal dig- 
ital signal; and 

a divide controller coupled to the data ramp 25 
controller operable to designate the frequency 
of the internal digital signal. 

5. An analog-to-digital test system comprising: 

30 

inputs operable to receive an analog-to-digital 
converter to be tested; 

an internal analog signal generator operable to 
generate an internal analog signal that may be 
used to test an analog-to-digital converter, the 35 
internal analog signal generator comprising: 

a digital-to-analog converter operable to 
generate the internal analog signal; and 
an internal digital signal generator coupled 40 
to the digital-to-analog converter; 

a buffer to receive and store digital words from 
an analog-to<ligital converter being tested; 
a sample ratio controller coupled to the buffer 45 
operable to define the rate the buffer receives 
and stores digital words from an analog-to-dig- 
ital converter being tested; 
a divide controller coupled to the buffer, the 
sample ratio controller, and the Internal digital so 
signal generator, the divide controller operable 
to hold an internal digital signal generated by 
the internal digital signal generator at a con- 
stant value, the divide controller further opera- 
ble to inhibit the buffer from receiving and ss 
storing digital words from an analog-to-digital 
converter being tested while the internal digital 
signal is held at the constant value; and 



an output for transmitting digital words from the 
buffer to an analysis system. 

6. The system of Claim 5. wherein the internal analog 
signal generator further comprises an input opera- 
ble to receive an external digital signal for conver- 
sion by the digital-to-analog converter. 

7. The system of Claim 5 or Claim 6, wherein the inter- 
nal digital signal generator contprises: 

a data ramp controller operable to generate an 
internal digital signal; 

an address controller coupled to the data ramp 
controller operable to designate upper and 
lower digital voltage values of the internal dig- 
ital signal; and 

wherein the divide controller is further coupled 
to the data ramp controller and operable to 
designate the frequency of the internal digital 
signal. 

8. An analog-to<ligital test system comprising: 

inputs operable to receive an analog-to-digital 
converter to be tested; 

an internal analog signal generator operable to 
generate an internal analog signal that may be 
used to test an analog -to-digital converter, the 
internal analog signal generator comprising: 

a digital-to-analog converter operable to 
generate the internal analog signal; 
a data ramp controller coupled to the dig- 
ital-to-analog converter operable to gener- 
ate an internal digital signal; 
an address controller coupled to the data 
ramp controller operable to designate 
upper and lower digital voltage values of 
the internal digital signal; and 
a divide controller coupled to the data 
ramp controller operable to designate the 
frequency of the internal digital signal; 

a buffer to receive and store digital words from 
an analog-to-digital converter being tested; and 
an output for transmitting digital words from the 
buffer to an analysis system. 

9. The system of Claim 8, further comprising: 

a sample ratio controller coupled to the buffer 
operable to define the rate the buffer receives 
and stores digital words from an analog-to-dig- 
itat converter being tested; and 
wherein the divide controller is further coupled 
to the buffer and the sample ratio controller, the 
divide controller operable to hold an internal 



6 



11 



EP 0 923 196 A2 



digital signal generated by the internal digital 
signal generator at a constant value, the divide 
controller further operable to inhibit the buffer 
from receiving and storing digital words from an 
analog-to-digital converter being tested while s 
the internal digital signal is held at the constant 
value. 

10. A method to test an analog-to-digital converter 
comprising the steps of: io 

providing inputs operable to receive an analog - 
to-digital converter to be tested: 
providing an internal analog signal generator 
operable to generate an Internal analog signal is 
that may be used to test an analog-to-digital 
converter, the step of providing the internal 
analog signal generator comprising the steps 
of: 

20 

providing a digital-to-analog converter 
operable to generate the internal analog 
signal; 

providing an internal digital signal genera- 
tor coupled to the digital-to-analog con- 25 
verter; and 

providing an input operable to receive an 
external digital signal for conversion by the 
digital-to-analog converter; 

30 

providing an input operable to receive an exter- 
nal analog signal that may be used directly to 
test an analog-to-digital converter; 
providing a buffer to receive and store digital 
words from an analog-to-digital converter being 35 
tested; and 

providing an output for transmitting digital 
words from the buffer to an analysis system. 
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